Deep level characterization of MOVPE-grown AlGaN with high Al compositions

Introduction
Al x Ga 1-x N with a high aluminum composition is an important material for deep UV light-emitting devices and high-performance AlGaN/GaN-based transistors. However, significant reduction of light-emitting efficiency in AlGaN LEDs/LDs and drain current instability in AlGaN/GaN HEMTs have been reported. To understand these phenomena, characterization of deep levels of Al x Ga 1-x In this study, we investigate Schottky interface properties and deep levels of Al N in both bulk and surface regions is inevitable, especially focusing on near-midgap levels that can act as non-radiative recombination centers or carrier trapping centers.
x Ga 1-x N with a wide range of Al composition (0.25<x<0.60) by using X-ray photoelectron spectroscopy (XPS), I-V, C-V, and deep level transient spectroscopy (DLTS).
AlGaN samples
High-quality
Si-doped Al x Ga 1-x N layers (thickness:1µm) were grown on the (0001) AlN/Sapphire template by low-pressure MOCVD at temperatures from 1100 to 1270 o C [1] . Trimethylgallium (TMG), trimethylaluminum (TMA), and ammonia (NH 3 ) were used as sources. CH 3 SiH 3 was also used as a source for Si doping. X-ray rocking curves for (0002) diffraction of the AlGaN layers showed small FWHM values less than 300 arcsec, indicating good crystalline quality. The Si doping into the AlGaN layers was successfully achieved by the MOVPE growth, resulting in control of electron concentration ranging from 1 x 10 17 to 5 x 10 18 cm -3 .
XPS analysis
First, the chemical property of the AlGaN surface was characterized by XPS. Figure 1 shows the Al 2p and N 1s core-level spectra, where the Al 2p and Ga Auger signals were normalized by the N 1s peak intensity. As the Al composition increased, as expected, the Al 2p peak intensity increased systematically, whereas the peak height of the Ga LMM Auger emission decreased. The FWHM at each core level is constant even at higher Al compositions, as shown in Fig.1 . These results indicate no significant disorder of chemical bonds in AlGaN even with high Al compositions.
I-V and C-V characterization of Ni/AlGaN diodes
The I-V and 1/C 2 -V characteristics of the Al x Ga 1-x Schottky diodes with x=0.25 and 0.37 are shown in Fig. 2 .
N
In the forward I-V curves, the diodes showed good linearity with relatively low ideality factors. In addition, we observed the higher Schottky barrier heights in Al x Ga 1-x N with the higher Al compositions. Although relatively large leakage currents flowed at larger reverse voltage, the 1/C 2 -V characteristics showed good linearity for each sample. This indicates good gate control of the depletion layer in the given bias region, which is suitable for the DLTS characterization. Figure 3 shows DLTS signals of Ni Schottky diodes fabricated on Al x Ga 1-x N with x=0.25 and 0.37. To focus on the detection of deep levels with large activation energies, we set the measurement time window as long as 100 s. The dominant peaks, labeled as DL 25 and DL 37 , were observed at high temperature region. In particular for the sample with x=0.37, the peak appeared at around 500 K even using a very long measurement time window of 100 s. The trap densities were calculated to be 1 x10 16 and 4 x10 16 cm -3 for DL 25 and DL 37 , respectively. Figure 4 shows the Arrhenius plots of the deep levels detected in the present samples, together with data reported for Al x Ga 1-x N with 0.03<x<0.17 [2] [3] [4] [5] . The activation energies of 1.0 and 1.3 eV were determined for DL 25 
DLTS characterization
